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NATIONAL FOREWORD 

This Indian Standard (Part 1/Sec 3) which is identical with IEC 169-1-3 : 1988 'Radio frequency 
connectors: Part 1 General requirements and measuring methods, Section 3 Electrical tests and measuring 
procedures — Screening effectiveness', issued by the International Electrotechnical Commission was 
adopted by the Bureau of Indian Standards on the recommendation of the Connectors for Electronic 
Equipment Sectional Committee (LTD 16) and approval of the Electronics and Telecommunication 
Division Council (LTDC). 

This Indian Standard was originally published in 1969. It was subsequently revised in 1980. The present 
revision has been taken up to adopt the present international practice in this field. Hence the latest IEC 
Pub 169-1-3 : 1988 has been adopted as Indian Standard under dual number procedure. 

The series of standards on Radio frequency connectors : Part 1 General requirements and measuring 
Methods comprise of following sections : 

Section 1 General 

Section 2 Electrical tests and measuring procedures — Reflection factor 

Section 3 Electrical tests and measuring procedures — Screening effectiveness 

This Indian Standard shall be read in conjunction with IS 5054 (Part 1/Sec 1) : 1995 'Radio frequency 
connectors : Part 1 General requirements and measuring methods, Section 1 General'. This Indian 
Standard describes Electrical tests and measuring procedures of screening effectiveness in case of R.F. 
connectors as 14.8 of IS 5054 (Part 1/Sec 1). 

Screening effectiveness in the context of radio-frequency coaxial connectors is a longitudinal current 
flowing on the outer shell of the connector and should not cause an undue voltage in the coaxial circuit. 

CROSS REFERENCES 

In this Indian Standard, the following International Standard is referred to. Read in its place the following: 

International Corresponding Indian Degree of 

Standard Standard Equivalence 

IEC 169-1 : 1987 Radio frequency con- IS 5054 (Part 1/Sec 1) : 1995 Radio fre- Identical 

nectors : Part 1 General requirements quency connectors : Part 1 General re- 
and measuring methods quirements and measuring methods, 

Section 1 General 
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Indian Standard 
RADIO FREQUENCY CONNECTORS 

PART 1 GENiRM,B6QUl^^ 

Section 3 Electrical Tests and Measuring 
Procedures — Screening Effectiveness 

( Second Revision ) 

14.8 Screening effectiveness 

1 4.8. 1 General considerations 

Screening effectiveness in the context of radio-frequency coaxial transmission lines is the 
ability of the outer conductor to protect the transmission line from being disturbed by outside 
electromagnetic fields, and vice-versa. With respect to r.f. coaxial connectors a longitudinal 
current flowing on the outer shell should not cause an undue voltage in the coaxial circuit. 

The quotient of the transferred electromotive force, or the equivalent voltage t/ t , by the 

outside longitudinal current I\: — - Z^ is called the transfer impedance and is generally 
an adequate quantity for defining the screening effectiveness of r.f. coaxial connectors. 

A connector assembly with properly mounted cables or lines has three major possible 
leakage areas: the region around the mating face, the coupling device and the two cable 
entries. Since in IEC Publication 169 only mating face and locking (coupling) mechanisms 
are standardized, the primary interest concerns the screening effectiveness of this part of the 
connector assembly. This does not, however, exclude that the measuring methods may also be 
used either for determining the transfer impedance at any individual spots of leakage if due 
care is taken to eliminate coupling contributions from the other leakages, or for total transfer 
impedance. In the latter case, and especially at high frequencies, the occurrence of directional 
effects has to be taken into account. 

It must be emphasized that the transfer impedance of r.f. connectors, and thus the screening 
effectiveness, has by no means a stable, fixed value applicable to each particular specimen or 
pair. In particular, 2^ is mostly much dependent on mechanical and contact circumstances. 
For instance, the value may be considerably lowered by stronger tightening of the coupling 1 
nut. Moreover, the exact value normally cannot be reproduced. A fresh connector pair in 
general shows a reduction of Zt with repeated disengagement and re-engagement, but the 
value may increase again after some dozens of cycles, perhaps due to wear and tear. Very little 
is also yet known on the behaviour during use and ageing of connectors. 



For radio-frequency applications, the transfer impedance 7^ shall be expressed as a 
function of frequency and, in general, be measured in the frequency domain. While at higher 
frequencies no other practicable measuring method is known, at frequencies up to a few 
hundred MHz time domain measurement with pulse technique may be used, with, if appro- 
priate, subsequent transformation of the result into the frequency domain. 

In order to measure the screening effectiveness of the mating part of a connector pair, 
suitable cables are attached to the connectors in such a way as to exclude any leakage at the 
cable entries. For frequencies above 10 MHz, semi-rigid cables or soli^ tubular outer 
conductors are generally preferred. Below 10 MHz, cables with low leakage at low 
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frequencies should be selected. The standardized test procedure in the frequency domain does 
not permit the inclusion of a fixing-flange style of connector as one-half of the connector pair 
to be tested, unless the flange is first removed. 

The time domain pulse method is described in Sub-clause 14.8.3. It may be particularly 
useful in lower frequency bands up to a few hundred megahertz. If the appropriate test 
equipment (pulse generator combined with cathode ray oscilloscope) is readily available the 
test may be carried out very quickly, and, provided adequate precautions are being taken, 
with nearly the same sensitivity as in the frequency domain test. It has, further, the advantage 
that leakage spots may be identified in case of multiple leakages. 

Various test methods may be used for the measurement of the transfer impedance in the 
frequency domain and in the time domain pulse method. In case of dispute, however, the 
method standardized in the following Sub-clause 14.8.2, using a tri-coaxial test set-up (or a 
set-up where the outer exciting line is formed by waveguides) shall govern as reference test 
method. 

Note. — As a guiding rule the tri-coaxial set-up may be used up to approximately one-third of the upper frequency 
limit of the connector type to be tested, without the risk of disturbance by overmodes in the outer line. At 
higher frequencies the waveguide set-up should be applied, in which case the limit lies at about three- 
quarters of the connector limit. Experience shows that at these high frequencies the transfer impedance no 
longer varies appreciably with frequency. 

For type testing, measurements shall always be carried out at the first engagement on a 
number of pairs of fresh connectors. It is not recommended that a standard test connector 
should be coupled to the specimen under test with the intention of attributing measured 
screening deficiencies to the specimen under test. 

The relevant specification shall state the number of pairs to be measured, the tightening 
torque for the coupling nut and, where relevant, the frequency range. 

14.8.2 Measurement in the frequency domain 

1 4.8.2. 1 Principle of the matched tri-coaxial test set-up 

The principle of the matched tri-coaxial test set-up is shown in Figure 1, page 11, and 
explained as follows: 

In this tri-coaxial set-up both the inner and the outer coaxial systems are matched at their 
far ends, that is terminated by the characteristic impedance of the line, in order to avoid, or at 
least to minimize, the formation of standing waves. The outer system is fed at port A through a 
lateral arm, containing a matching transformer, to a T-junction acting as a power divider. 

The multistep transformer serves to adapt the impedance Vi Z02 at the T-junction to the 
impedance Zq\ of the feeding line in the frequency range of 1 GHz to 10 GHz. The trans- 
former becomes less effective at lower frequencies. The resultant mismatch is, however, 
tolerable. Assuming the source impedance to be invariably equal to Zbi, calculation shows 
that the error introduced amounts to 0.5 dB only. This is small compared to the unavoidable 
measuring uncertainty and in particular the high dispersion of Zt values themselves. The 
advantage, on the other hand, is to have only one mechanical feeding arrangement with the 
convenience of the same formula for calculating Zj through the whole frequency range.* 



* It could be argued that for the same reasons the multistep transformer might also be superfluous in the frequency 
range from 1 GHz to 10 GHz, However, at such high frequencies good matching proves even more critical in 



avoiding losses. 
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A Power feed connection 

B, C Measuring ports 

X Connector pair under test 

TB, TC Outer system terminating devices with 

impedance Zq 2 
T Matched power dividing T-junction 

M Ferrite rings 

d Screened room 



e Tracking generator or synthesized signal generator 

f Spectrum analyzer 

g Low noise preamplifier 

h Calibrated variable attenuators 

i Power amplifier (if needed) 

k Bus controller 

n Additional screening copper braid 



Fig. 1. — Principle of the matched tri-coaxial test set-up (optimized condition for the frequency 
range 1 GHz to 10 GHz). 



At the T-junction, reactance correcting stubs, not shown in Figure 1 but depicted in 
Figure 5, page 21, are necessary. 

The signal voltages (7 3 at the ports B and C of the inner line, caused by the injected voltage 
U u are alternately measured both at B and C. Incidentally their equality is a criterion for the 
symmetry of the system and the absence of directional effects. 

For calibration of the set-up the input signal is fed with the aid of a separate branch of 
coaxial line, comprising a variable attenuator, to the port opposite to the measuring port (to C 
if £/ 3 is measured at B), This implies the equality Zq 3 = Zq\, 

The quantitative relationships below make use of two approximations which, however, are 
fully justified, bearing in mind the practical accuracy needed: The transfer impedance Z< is 
very small and thus negligible in comparison to Z02 and Zo 3 ; further, the attenuation and 
losses in the coaxial lines and the multistep transformer are neglected. 

The transferred voltage U t results in two voltages U 3 of equal amplitude at the ports B 
and C: 



U 3 - jl/t- Sincel/ t -Z t ./ 2 , l/ 3 = |z t ./ 2 



(1) 
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The junction T acts as a lossless power divider and, since the multistep transformer is 
considered to be ideal, it follows: 

ft- \?\ 



Because: fl-^.ft-£; g -{ £■ .*»=!*- I* Jif- 

considering further that; I 2 * — — : h * , =• (2) 

£02 \2 Zbi * Z02 



combining equations (1) and (2) 



1/3- I.Z t -=Hi=; Z t = 2V2V^ r ^77 



Z02 might be chosen arbitrarily, the transformer being given the correct matching ratio. 
However, in general the adequate solution is to have Zq\ = Z02 = Zq- 



ji \ P 

This results in: Z t « 2 72 -7- Zo - 2 72 1 -—- • Zq 

The measuring instrumentation consists of a tracking generator or synthesized signal gen- 
erator followed by a power amplifier (if needed) on the feeding side; on the receiver side an 
input variable attenuator, a low noise preamplifier and a spectrum analyzer. A quick 
procedure is possible with computer controlled automatic driving (step by step) of the gen- 
erator and the spectrum analyzer. When calibrating the system, sharing of the total attenu- 
ation between two attenuators allows an optimum compromise with regard to random noise 
and residual stray coupling to be achieved. The port at C has of course to be correctly ter- 
minated and both ports at B and C in general need additional shielding with copper braid. 

At high screening effectiveness and for best performance it is recommended to use a 
screened room (Faraday cage) as indicated in Figure 1, page 1 1. 

It is essential that the test set-up be checked for its limit capabilities by substituting the 
connector pair under test with a completely solid metal shell (for instance a copper tube) of 
the same outer dimensions as the connectors. 

14.8.2.2 Practical construction of the matched tri-coaxial set-up for the frequency range from 1 kHz 
to 10 GHz 

For the practical construction of the test set-up, a few items need more detailed specifica- 
tions than are given in Sub-clause 14.8.2.1 and in Figure 1. 

Figure 2, page 15, shows, besides other particularities of the tri-coaxial set-up, the proce- 
dures for feeding the input power in the two frequency ranges: from 10 MHz to 10 GHz and 
fromlkHztolOMHz. 

Above 10 MHz the feeding is quite normal and it is only necessary to take care of the 
feeding cable, which should have an approximate length of 1.5 m, in order to provide a suffi- 
cient impedance (mainly reactance) to the normally open "earth loop" (see Figure 1, page 11, 
at the input the earth is on the outer conductor, whereas at the measuring port the earth of the 
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3^7 U>w frequency phase reverse 
feed 1 kHz-10MHz 



A Power feed connection 

B Measuring port (forward screening effectiveness) 

C Measuring port (backward screening effectiveness) 

X Connector pair under test 

TB, TC Outer system terminating devices 
(detail Figure 4, page 19) 



M 



High frequency feed 
10MHz-10GHz 
(cable *1.5 m) 



Matched power dividing T-junction (detail Figure 3, 

page 17) 

Ferrite rings 

Foam dielectric beads 

Solder junction between brass tubes and coaxial cable or 

line 

Bulge for measurement of larger connectors 



Fig. 2. — Practical tri-coaxial test set-up for the two frequency ranges: 1 kHz to 10 MHz and 
10 MHz to -10 GHz. 

screened room is connected with the middle tube at B). The inductance of the loop may be 
increased, if required, by ferrite rings, as shown in Figures 1 and 2. 

For frequencies below approximately 10 MHz down to 1 kHz, experience has shown that 
correct results are obtained by feeding with reversed polarity, as depicted in Figure 2. Ferrite 
rings may be necessary for decoupling, particularly towards the upper frequency region of the 
range. 

The multistep matching transformer requires lengthy calculations to determine its dimen- 
sions. The data for a practical design are given in Figure 3. 

An important detail is the construction of the terminations TB and TC, which are to cover 
the whole frequency range from 1 kHz to 10 GHz, see also Figure 4, page 19. At frequencies 
up to about 1 GHz each termination consists of four parallel resistors of 200 Q (assuming 
Z02 - 50 Q). At higher frequencies, up to 10 GHz, the wave energy is dissipated in the 
tunnel-shaped expansions (horns) filled with absorbing conical elements. 



In comparison with Figure 1, Figure 2 shows also additional brass tubes, p, 4 mm to 6 mm 
in diameter, surrounding the semi-rigid cables and soldered to them near their mounting to 
the connector pair under test 

The outer conductor of the outer system has an inner diameter of 14 mm. Thus, SMA, 
APC-3.5 and similar sized connectors can be measured without the necessity of increasing this 
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Low loss dielectric screw 




Power feed at A: 

7 mm precision line end (50Q) 

Do = diameter 7.0 mm 
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3.26 
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4.27 
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Fig. 3. — Multistep impedance transformer for T-junction, effective in the frequency range from 
1 GHz to 10 GHz. 



diameter in the region of the connector pair. The brass tubes surrounding the semi-rigid cables 
have about the same outer diameter as the SMA connector shell and maintain therefore the 
condition of constant characteristic impedance Zq2 - 50 Q. For the measurement of larger 
size connectors, APC-7 or N-types for example, the dimension of the outer coaxial tube has to 
be increased over approximately the length of the connector pair, forming a bulge q, as seen 
in Figure 2. The dimensions are not critical; reflection factors up to about 0.5 are acceptable 
(mismatch loss less than 1.2 dB). 



An example of the mechanical construction for the set-up according to Figure 2, page 15, is 
depicted in Figure 5, page 21. As an important detail this figure also shows the matching 
elements, e, at the feeding junction T. 

14.8.2.3 The matched waveguide assembly for the frequency range from 3 GHz to 18 GHz 

For a further extension of the frequency range beyond the capabilities of the matched tri- 
coaxial set-up, a relatively simple waveguide assembly has been produced which allows 
measurements up to about Va of the connector's upper frequency limit. According to Figure 6, 
page 23, it consists of two waveguides running side by side with each other, having a common 
broadside wall. 

This wall has a longitudinal slot and a broader opening into which the connector pair with 
mounted semi-rigid cables fit. 

The input signal is split by a 3 dB in-phase power divider and then launched in phase oppo- 
sition into the two waveguide arms, these waveguides being terminated by a matched load at 
the opposite ends. If the assembly is symmetrical the field around the connector pair under 
test is quite similar to the TEM mode in a coaxial arrangement. The quasi TEM mode 
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50 




a = Low loss dielectric foam cones, coated with one layer of an absorbing mixture of for example 1 7 g resin polymer 
(semi-flexible type) and 68 g iron powder (brush painted). 

b >■ The inner conductor cone is mechanically screwed together to assure good contact pressure at the area d. The 
whole cone is longitudinally adjustable on the inner coaxial system to allow the overall reflection factor to be 
optimized from DC to the upper frequency limit of about 10 GHz (this must be measured at the feeding point A 
(Figure 1 , page 1 1 ) through the whole assembly). 

c «- Four low power r.f. resistors 200 CI, 

Fig. 4. — Low and high frequency combining feed through terminations TB, TC, frequency range 
DC to -10 GHz. 



impedance Z$2 of the outer system at the connector pair depends on the connector and the 

waveguide dimensions and may vary from ~* to 3 • Z03; but this affects the overall accuracy 

even less than the wide dispersion of practically measured screening values, as occurring with 
repeated engaging and separation of the connectors under test. 

Assuming that the power divider and the launching devices do not cause losses, the total 
power Pi flowing along the connector pair is equal to the input power P\. Therefore, and 
assuming that Z02 ~ Z03 ~ Zq 9 the relation for 7^ is: 



Z t 






-*i 



P3 



Zo 



The entire measuring set-up is exactly the same as for the tri-coaxial arrangement and all 
information given there applies as weli. 

Comparison of results obtained in the overlapping frequency range of the tri-coaxial set-up 
and the waveguide assembly on a dummy with fixed and stable transfer impedance in place of 
a connector pair has proved agreement within 4 dB. 

Figure 7, page 25, is an exploded view of the waveguide assembly. The residual leakage and 
the mismatch of the set-up can be tested before cutting the openings in the two tin sheets c. 
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e Tune 

for minimum reflection 



a Outer conductor of outer system with inner diameter of 1 4 mm 

b Mounting flanges 

d Dielectric fixing screw to assure contact pressure at T-junction 

e T-junction adjusting matching stubs 

f Axial fixing and centring solid low loss dielectric bead 

g T-contact fork 

h Inner conductor of multistep transformer, low impedance side 

m Several centring low loss foam dielectric beads 

p Solid brass tube of outer diameter of 6 mm surrounding semi-rigid cable 

q Bulge in outer conductor for large connectors (size dependent) 

s Outer conductor of feeding multistep transformer with inner diameter of 7 mm 

TB, TC Conical terminations with absorbing layer coated foam segments and four resistors (200 Q each in parallel) 

X Connector pair under test 



Fig. 5. — Example of a mechanical construction for the set-up according to Figure 2. 



These apertures are cut with a knife such that there is a 1 mm spacing between the sheet edge d 
and the connector body X, thus enabling the longitudinal current to flow on the surfaces of 
the bodies of the connector pair. 

In the zone of the connector pair under test each waveguide of the assembly works more or 
less similarly to a ridge guide (see on right side of Figure 6, page 23), with the maximum of 
magnetic field and current on the surfaces of the connector pair. 

The dimensions of the trapezoidal openings in the two metal plates b depend on the wave- 
guide and connector sizes and are expressed as fractions of the connector, cable and wave- 
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Pi 







A Measuring port 
B, t Termination at opposite port 
X Connector pair under test 
E Electrical field in test area 
d In-phase power divider 
g Generator 
1 Matched waveguide load 
u Coaxial to waveguide transition 
v Semi-rigid coaxial cables with equal 
electrical lengths 



Z03 Z03 = Zo, Impedance of inner system 
Z02 Quasi TEM impedance of outer system 
P\ Input power 

?2 Total power in outer system (both waveguides together) 
P 3 Power delivered to terminations of system 3 
(inner system) 



Fig. 6. — Waveguide set-up. 



guide dimensions, see Figure 8. The waveguide assembly has to be mechanically fixed by 
clamps and the connector pair and cable set-up must also be fastened to assure stable 
measuring conditions. 

The admissible range of the outer diameter of the connector pair under test is approxi- 
mately (0,25 ... 0,9) • a. 

14.8.2.4 Practical limits of measurable attenuation range and reproducibility 

In practice the lowest value of 7^ measurable by swept methods depends on the character- 
istics of the low noise preamplifier, the power amplifier and the spectrum analyzer. It may be 

n 

expressed by the lowest ratio — obtainable with adequate accuracy, where P3 is the power 

delivered at each termination of the inner coaxial system, and ?i the wave power flowing over 
the test connector pair in the outer system, the characteristic impedance being all of equal 

value Zq. According to the derivation given earlier the relation between 7^ and — is: 

P 2 



z - 2 t*Wt-* 



The practical limit, -5- expressed in decibels, in the whole frequency range from 1 kHz 

to 12 GHz, obtainable with the usual equipment, is about -155 dB. This corresponds to 
Zt~2uH 

The measuring accuracy depends on the quality of the calibrated attenuator, the instrument 
stability and the (unwanted) reflections at several spots of the set-up. It is found to be about 
± 3 dB. This seems to be adequate when considering the much wider dispersion of attenuation 
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Fig. 7. — Exploded view of waveguide assembly. 



a, a' Upper and lower waveguides c 
b,b' Upper and lower diaphragm plates 

c,c' Upper and lower tin sheets of~ 0,05 mm thickness f 

g Connector pair under test with mounted semi-rigid d 

cables and terminating connectors X 



Completed assembly (upper waveguide removed), tin 
sheets not yet cut, ready for leakage and mismatch test 
View of diaphragm within assembly 
Edge of tin sheet 
Connector pair under test 
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(Cable) 




Connector pair 
under test 
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Waveguide ^ .o I 



a,b Inner sizes of waveguides 
d Outer diameter of cable 



Fig. 8. — Waveguide assembly dimensions. 

values resulting from problems such as the mechanical handling of the connector pairs. For 
instance, doubling the coupling torque when engaging an N-type connector pair may easily 
lower Zt by 30 dB and more. 

14.8.3 Measurement in the time domain 
Under consideration. 
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